INTRODUCTION
Currently, general health checks and holistic health screening (ningen-dock) are carried out as part of secondary prevention [1] . The purpose of this is to discover existing disorders by testing items that become established over a lengthy period of time. With the rapid advances recently made in research on biomarkers, however, preventive medicine could be made even more effective by incorporating advanced test items in general health checks and health screening. These could then extend their scope to primary prevention, in which disease is prevented before it occurs. This kind of initiative is expected to be useful for Japan, which is now turning from an aged society into a "super-aging society", with fears of a concomitant loss of national vitality -in other words, it could help to revive this nation [2] . Tokai University Tokyo Hospital started anti-aging health check-ups in June 2006. These are designed to diagnose the signs of aging-related disorders at an early stage and to give guidance according to individual results in combating them [3] . They include examination items backed by published evidence in connection with aging related to various disadvantageous conditions, such as arteriosclerosis, cerebro-and cardiovascular events, organ dysfunction, risks of cancer development and others. In this study, we classified these items into "aging markers", which clearly change with age, "aging-associated markers", which suggest a relationship with aging, and others. We then studied the relative importance of these items for introduction to new health checks, with the aim of introducing new biomarkers to general health checks and holistic health screening.
Study Items and Methods
In our anti-aging health check-up system, we target items with proven usefulness in health evaluation. We have classified these items into categories. Items were measured using widely recognized methods (Table 3) . To evaluate arteriosclerosis, we used brachial ankle power wave velocity (baPWV) [4] and intima media thickness of the carotid artery (IMT) [5] . As factors known to be contributing to the progression or prevention of arteriosclerosis, we focused on LDL-C [6] , [7] , HDL-C [6] , [7] , free fatty acid (FFA) [8] , high sensitivity CRP (hs-CRP) [9] and triglyceride (TG) [10] . Meanwhile, oxidation and anti-oxidation are known to be involved in various pathological conditions such as arteriosclerosis, circulatory disturbances, cancer development, and so on [11] . To discover the balance between these, we measured the urine concentration and production rate of 8-hydroxydeoxyguanosine (8-OHdG) [12] and isoprostanes (IPs) [13] as oxidation markers, and vitamin A [14] , vitamin B12 [15] and folic acid [16] as anti-oxidation factors opposing these. As serum hormones, we measured insulin-like growth factor (IGF-1) [17] , dehydroepiandrosterone sulfate (DHEA-s) [18] , [19] , free testosterone in males [19] , estrogen in females [20] , free-thyroxine (T4) [21] and adiponectin [22] , [23] . Besides these, we also measured blood pressure [22] , [23] and cystatin C [24] . These not only reflect the degree of disorders in organs and vascular functions but also, if a deterioration occurs, clearly lead to further organ damage and vascular disorders.
The categories, methods and normal ranges of items we measured are summarized in Table 3 .
Data analysis
We expressed gender and ten-year age specific averages and standard deviations for each item. The correlation between age and the results of individual items was statistically analyzed using Pearson product-moment correlation coefficient analysis. Items that showed a significant change with age (p<0.01) were identified as "aging markers" and those that showed a tendency to change (p<0.05) were categorized as "aging associated markers".
Age 30-39 40-49 50-59 60-69 70-79  80-Total   Male  5  35  67  102  76  14  299   Female  10  26  71  89  60  8 264 
RESULTS

Items for detecting arteriosclerosis
Although baPWV tended to be slightly higher for males than females in the same age group, no significant difference was seen. A statistically clear rise (p<0.01) on both right and left sides was observed with age ( Fig. 1) . Similarly, there was a clear thickening in the IMT of the carotid artery with age (p<0.01) (Fig. 2 ).
Factors contributing to the progression of arteriosclerosis
No difference with age was seen in HDL-C (Fig. 3) , LDL-C (Fig. 4) and TG ( Fig. 5 ), which are known to contribute to the progression of arteriosclerosis. Fluctuation in these was therefore thought to be caused by factors other than aging.
On the other hand, FFA showed a clear increase with age (p<0.01) (Fig. 6 ). There was no significance in the result of hs-CRP due to relatively large deviations (Fig. 7) . However, the p-value in females was just 0.05 and that in males was also less than 0.1 indicating some likelihood for the involvement of aging.
Items related to oxidation and anti-oxidation
There was no relationship between age and the urine concentration of 8-OHdG and isoprostanes converted to generation rate ( Fig. 8) (Fig. 9 ).
Vitamin A, vitamin B12 and folic acid showed no relation with aging ( Fig. 10) (Fig. 11) (Fig. 12 ).
Hormone levels
There were clear reduction tendencies in IGF-1 and free testosterone (p<0.05) ( Fig. 13) (Fig. 15 ). DHEA-s ( Fig. 14) and estradiol ( Fig. 16 ) showed clear decreases with aging. However, no fixed change was seen in FT4 ( Fig. 17 ) and adiponectin ( Fig. 18 ) with age or in gender. However, in males, a mild significance was seen in adiponectin (p<0.05), and the p-value of free T4 was close to the limit at 0.06. These data indicate the necessity of additional investigation.
Organ function indicating items
It was clear that systolic blood pressure rises with age (p<0.01) but diastolic blood pressure showed no constant tendency (Fig. 19) . A clear age-related rise was seen in cystatin C as an indicator of renal dysfunction (p<0.01) (Fig. 20) .
Aging related markers
Results were classified according to the degree of the significance as listed in Table 4 . Relatively strong correlations were found in baPWV, IMT, FFA, estradiol, DHEA-s, systoric blood pressure and cystatin-C at the p-values less than 0.01, categorized as ageing marker. IGF-1, Adiponectin (male), free testosterone showed significances at the level between 0.01 to 0.05 in p-value, classified into aging associated marker. Other items did not showed statistical significance along to the ageing (Table 4) . 
DISCUSSION
Arteriosclerosis is thought to involve chronic, inflammatory and proliferative lesions of vascular endothelial cells. When the blood cholesterol level rises, oxidized LDLs and glycated LDLs are produced in vessel walls through the effect of active oxygen, among others. These denatured LDLs express VCAM-1 and other adhesion molecules on the surface of endothelial cells and promote the migration of lymphocytes and monocytes. The aggregated lymphocytes secrete inflammatory cytokines, then growth factors and extracellular matrix increase and cause arteriosclerosis to progress, and finally plaque is formed through the involvement of platelets and coagulation factors [25] . Recently, dysfunction of arteriosclerosis repair factor advancing mainly in the vascular endothelial has been seen to promote arteriosclerosis, and this part is now considered susceptible to aging. Specifically, vessel functions are maintained when the endothelial progenitor cells (EPC) present in blood are numerous, but when EPC functions are impaired, arteriosclerosis is thought to progress via inflammatory cells [26] . BaPWV and IMT are commonly measured as diagnostic items for arteriosclerosis in clinical sites [4] , [5] . IMT is measured by directly observing the carotid with ultrasound; thickening of the tunica intima and media clearly increases with age, and this thickening is involved in the proliferation of growth factors and extracellular matrix mentioned above [5] . Thickening of vessel walls invites vessel dysfunction, leading to a rise in baPWV [4] . While it has already been stated in numerous sources that both of these are susceptible to aging [26] , the results obtained this time were consistent with previous reports. Nevertheless, our findings are very significant in that they represent the latest data on subjects undergoing health checks in Japan. In addition, various other items are investigated in the same group, so these are important in that agerelated effects can be reliably compared between them.
Meanwhile, risk factors related to arteriosclerosis have been classified under the Virchow triad by Fuster, et al. [25] , and the involvement of various factors has become clear. LDL-C, HDL-C and TG are representative of these in terms of the whole body, while the involvement of FFA and hs-CRP in the progression of arteriosclerosis has already been demonstrated in many reports [8] , [9] . In particular, it has been pointed out that hs-CRP could fluctuate with the progression of arteriosclerosis via the aforementioned inflammatory cytokines and inflammatory cells accompanying EPC dysfunction [26] . In this research, no fixed trends in LDL-C, HDL-C or TG due to aging were observed. These parameters are strongly influenced by diet, exercise, cold and other factors; for example, TG is said to rise with ingestion of carbohydrates and not to return to its baseline until a state of fasting has been maintained for 12 hours. Even if such factors were to change with age, they would only be at a level covered by diet and exercise. On the other hand, a tendency for FFA to rise in males was indicated in our results this time. Like TG, FFA is influenced by diet, particularly fatty foods. However, because the time taken to return to the baseline when fasting is shorter than with TG, the impact of diet is thought to be relatively small. Nevertheless, although FFA rises when body fat is burnt up, it is used as an energy source for muscle and is therefore more difficult to burn when muscle deteriorates with age [27] . In this study, BMI showed a slight decrease with age, however both abdominal circumference and body fat tended to increase with the age of the subject. These conditions are characterized by larger quantities of body fat with less muscle, and are considered extremely detrimental to FFA metabolism; this is thought to explain why it was more evident in blood.
The balance between oxidation and anti-oxidation is not only related to the progression of arteriosclerosis in the form described above, but is also thought to induce endothelial cell disorders, microcirculatory disturbance, cancer and other diseases, thereby speeding the process of aging. 8-OHdG is produced when DNA is oxidized by hydroxy radicals; it is separated by enzymes in the process of DNA repair, and is then excreted from blood into urine [12] . On the other hand, IPs are produced when phospholipids in the cellular membrane are oxidized by free radicals [13] . Although no changes in either of these were seen with aging in our measurements, this is thought to be because these indicators show changes over the short term. High values for IPs among sufferers of coronary artery disease have been reported [28] , but in patients actually affected by myocardial infarction or angina, it is assumed that continuously high levels of free radicals could occur as a result of inflammatory cytokines or other factors. Immediately after an attack, moreover, ischemic reflux causes tissue damage to expand and the degree of inflammation to increase. It is thought difficult for an abnormal rise to be manifest in measurements of health check subjects studied this time, particularly among the Japanese, who have a low incidence of coronary artery disease. Similarly, there was no relationship between aging and blood concentrations of vitamin A, B12 or folic acid, indicating that these items are not influenced by aging. Water-soluble vitamins (particularly vitamin C) are known to be easily ingested from foods and to have a strong capacity for anti-oxidation. After ingestion, however, they are known to leave the body quickly, and are therefore measured in our anti-aging screening. Nevertheless, they were not considered in this study. Vitamin E, a fat-soluble vitamin, is present to a ratio of around 5% in people who take it in the form of drugs or supplements. We removed those people from our study since they show 2-3 times the normal limit and the data are difficult to evaluate correctly. Although vitamin A is well known to have an anti-oxidant effect, it is a fat-soluble vitamin and does not show the large diurnal variation such as seen in water-soluble vitamins. Meanwhile, there were a few subjects who used no preparations or supplements such as vitamin E, but took β-carotene as a precursor; their data were included this time as these do not manifest bioactivity unless converted inside the body [14] . Finally, B12 and folic acid were adopted because, although their anti-oxidant effect is not strong, they contribute to cytoprotection and cell regeneration [29] , [30] . However, no change due to age was seen in either of these, and we judged the measurements merely to show one aspect.
In our measurement of hormones, there was a clear reduction in IGF-1, DHEA-s, free testosterone and estradiol with age, these results being as expected. IGF-1 is converted in the liver by growth hormones. Its half-life is about 16 hours, this decreasing with age or hunger and falling to about half the level in the 20s once past the age of 60 [17] . This decrease causes a loss of muscle volume, an increase in body fat, fatty liver (increase in visceral fat), reduced bone mineral content and a rise in LDL cholesterol, among other changes [17] . In the 1990s, replenishment therapy was reported to reduce body fat, increase muscle volume and improve bone density [31] . However, a loss of glucose tolerance and risk of cancer have also been pointed out, among others, and it is recommended that this should not be administered lightly.
As sex hormones, DHEA-s, free testosterone and estradiol are deeply involved in reproductive activity, but start to fall after the peak between the 20s and 40s [18] , [19] , [20] . This decrease is particularly pronounced among females, and plays a part in menopause disorders, osteoporosis, loss of muscle volume, promotion of arteriosclerosis, and other conditions known as aging phenomena [20] . Today, hormone replacement therapy is available in Japan under health insurance.
Although the decrease in testosterone among males is more gradual, in recent years a rate of less than 8.5 pg/ml accompanied by loss of libido, erectile dysfunction, intense fatigue and reduced motivation, muscle weakening and reduced bone density has come to be known as late-onset hypogonadism (LOH) [32] . In urology, hormone replacement therapy is carried out. Side effects are an increase in red blood cells, deterioration of sleep apnea syndrome, a rise in PSA, prostate cancer and liver function disorders, although there are reports that the risk of angina conversely decreases [33] . DHEA is a hormone secreted from the adrenal cortex, and is controlled by ACTH secreted by the pituitary gland. Unlike other corticosteroids, however, it is known to decrease from the age of 20. It is essentially a precursor to sex hormones, and consists of a part that functions as DHEA and a part that is converted to testosterone and estrogen. Symptoms that occur when it is low include poor circulation, physical decline and impatience. In other words, as illustrated by the epithet "vitality hormone", subjective health is partly governed by this hormone. In the past, hormone replacement therapy was also practiced in treatment not covered by insurance, but no consistent findings on its effects have been published [18] . In this study, estradiol showed a marked change with aging, but that in testosterone was mild. This fact was mediated by relatively slow changes in males. The changes in DHEA, a precursor of both estradiol and testosterone, do not strongly reflect sexual symptoms. But it is a clear maker of age-related sexual hormonal dynamics during the life span.
Free T4, meanwhile, is formed by tyrosine and iodine, and is controlled by TSH from the pituitary. Although the frequency of hypothyroidism rises with aging, this results from a combination of factors, i.e. incidence of autoimmune disorders related to aging [21] , and there is generally no consensus that thyroid functions decrease with age.
Adiponectin is the subject of some interest as an enzyme secreted by fat cells; it partly causes metabolic syndrome and is also seen as a key to solving it. In the results this time, no consistent results due to gender and aging were found. It is known that adiponectin decreases inversely to visceral fat accumulation. Lifestyle-related factors such as BP, exercise capacity and plasma adiponectin levels might play an important role in longevity, and those of HDL-C and TG, as well as glucose tolerance, might be associated with adiponectin levels [22] . This time a mild increase was observed in males aged 40 to 70, the age group accounting for the majority of subjects, and this produced a statistically significant difference. The mechanism of this fact is unclear. Since subjects with low adiponectin tend not to live so long, the mean value is thought to increase with age. But in our previous study, adiponectin increased after the coaching type of health guidance [34] . In this paper, we also showed an improvement in free testosterone, DHEA, HDL-C and PWV. From the point of view of importance, further investigation will be needed to find out the role of adiponectin.
We measured cystatin C in this study. Kidneys and lungs are subject to a strong disadvantageous influence due to aging. In general, creatinin is widely used as a marker for renal functions. Because it is expressed in gradations of 0.1mg, subtle abnormalities are hard to discover. After aggravation of renal functions has been discovered, the progress of renal dysfunction is sometimes hard to suppress. Cystatin, which strongly reflected changes due to aging, is thought to be a good item for early detection in renal functions.
CONCLUSIONS
A trial study was carried out to propose new examination items for general health check-ups using our anti-aging health check-up data. The aim of this study was to find proposals for new health check-up items focusing on the future super-aging society in Japan. The results showed that baPWV, IMT, FFA, Estradiol, DHEA-s, systolic blood pressure and cystatin-C were included as "aging markers", which strongly reflect aging-related change. On the other hand, IGF-1, free testosterone, adiponectin (males) were thought to be "aging associated markers", which showed a tendency towards agingrelated change. Others have evidence for links to these markers, and are hence known as aging modulating factors.
We have shown in previous publications that many of these items can be changed directly or indirectly by changing modulating factors, and we need to consider newly incorporating some of these items in general health check-ups.
